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(54) METHOD AND APPARATUS FOR DIAGNOSIS OF DEGRADATION OF MOUNTING BOARD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To diagnoze the degradation of a mounting 
board on the basis of the distribution of the surface temperature of the 
board. 

SOLUTION: Under a constant input/output condition, a power-supply is 
turned on to a mounting board 10 on which electric and electronic 
components are mounted. After that, in the time until the surface 
temperature of the mounting board 10 becomes a steady state, 
temperature-rise image data obtained in such a way that the distribution of 
the surface temperature of the mounting board is measured so as to be 
changed into an image in every prescribed sampling point of time is output 
by a temperature- image measuring means 1 1 . The temperature-rise image 
data which is output by the temperature-image measuring means 1 1 by 
measuring the mounting board 10 so as to be changed into the image is 
stored on a temperature-rise-image database 1 8. In a temperature- 
distribution-change-amount computing means 20, temperature-rise-image 
data in the nearest part after the time-dependent use of the mounting 
board 1 0 out of the temperature-rise image data is used as reference 
temperature-rise-image data so as to be compared with the temperature- 
rise image data, and the change amount of a temperature distribution 
between both data is computed. 
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li^-^iiib^Us ^©PacDJaeS'^^bfi^I+l? 

croSje^^bSI+S#^J;Of#t»n 
fcSJt^^bM%:^<S6^^ ti-fc L t l^ffi i: it® L x 
BulBSJS7>^^ba*<BfilBbttvfii*Mxfc^. 
^bfe<5 j fc*J£f£&fb¥'J£3MSt, ;:©<fc<b¥<J3£*fS 

iz at577 -r * t a c fc £4$at t -r ^» ^ 

<DT'&2> 0 

[0 0 2 4] i/c. *^©*{bi^iff^Si3i3CN-c(i. 

iB>g^7?^^fbMi+^^si3#t*g-r %wmftM^&£ . 
Hf]iB;gg^^b*i+»^i3 j; o tmztxr^mzfe 
ttt^hu>h'r-^^-7t> zro h u > Kt"— 
- * KteJA ^ tiT l > 3 BOIBjg^^^^fbSoS'J*— 



(7) 



1 1 -1 4 5 7 6 



mtm^mt. suieis^i'J^ii.t *ft^ft#§J£ 

A<^ft^ft#tii&£*u mjie^-fj^nfea^jgil^- 
[002 5] 

[0026] n^sts 1 o • m^si^m^H 

TSagtSAi*. gg£SfSffifr&***&1 0a#2&«£ft 
5„ ;i©**M*aii* firsts 1 oo^^ffiigjg^b 

tf&mamztez * -*?<Du#ia. **m>fig:*>*^ 1 i ir 

.to 2 ft. *3fe£ft/c#ftiSStffr*t 

1 1 ©abdomen*. ^^ti.fcmE«^-^*t»ic*E- 
asistefr £> e»^&£ ft feasts 1 o mwo> 2 

TIfc*>iij2ft* 0 {Mitts***? 1 £g 
«^#«*S£ftfcfc£. *<D2Jfc7c5eSfefMt-r*o * 

*ttsjg* 1 (Dthtim^-r: & smAmm *s b 

St. fgSttttKI 0roJlia;gg^ai^-^;SJ*^tiifs1 

[0027] mft>%m^& 1 2 ©^smsiss-e&sj? 
s&'htssdi*. mmwmt^& 1 4i3#±$g£ft. ;;-c 

^>agra$6dl±2 5 6P§l0©ig;^fII3£&£ft£o U£ 
A<oT)jt;^t®^b#S1 4CDfcfc7Jfl!ll;:(i. 2 5 6PiM© 

ji$fiitf 2 ;fc7Eie?!i;*ftfcs&s«-5 r -* e tffUSft 

*e*fflt^ #Htta£*;><?1 1 13 J: £> 1 @<D 2 

1 2;^^s^i^^dt5^nv 1 mnm<DV->yj 



<D&ftmnzL. ^gmmT-f e(oxi>mzft\,K ^© 

^^*i./i±TPl(SC0$EHl*ll-Aofc^T. #Htta« 

**^ 1 1 i=thjif»±fii*«^f zthtiTZo xtimm 

f«1 6li, Sfc. l+}SiJ<»±tg^«-^f t[s|B#i3ibmi 
jF{l^-g^/\">y^7'$iJSP^S1 7l3tb*-r3> 0 

y 1 5ictt«*nfc*-«7->yy >?mmmzmt>tit~ 

[0 0 2 8] ±SiUfc!frttttajg*P<7 1 1 l3cfc*Si£l 
WS1 0^iBrol+}IiJ • Bttfbtt. 3±^^CD«fc-5 

[0 0 2 9] #n^SS73^^ 1 1 l3«t*SISIStfi1 0 
1 (l(Di+;l!l • U^bl3«t 0f#t.^x-5— S©>SJgM 

6 ®|fW9t>l gCJ:9. ®®^fJ*S 1 9 KflUS* 

^WZWEMWr-*? i A«A73*tt^o 
[0030] Stft^fl^ia 1 9 liA7JJ*;h.7=:#iSM«7 r 

1 o^sics^^ti.sifiisrox' h U7^i;»fflU, 
««-r * -y- y > -7"b#^ic *j it 5 **j*r ^ »«««ic 

d**<b«I+»#«2 oic^r^o SJS^^^bMlt 
%^wl 2 0 i*«H;x#i*a * ft* j 1374 l v a 

ft^iffifi j ic^sft^^aii®^-^ htsjiummw 

2 1 (c«iar*o 

[003 1 ] *ft«S^Bi2 1 (is A*dftfcffl*»* 

S<bSkfe*6^i;«)^*ftfcU#tNfi&ttt«b. is 
ussatsi ossron^gps^ r^<b*yj ^mu. 

^#IS2 1 ft&tj. < t, 1 ^><D r&<t* 13 j ^(DHjeitJii 
tfi$S 1 £tti7j LfcH^, r*fb* 0 j fc«3t*ft&»« 
««G)tt«««m*W^liR#S2 2^tiJ73-r*o C 

W&ZfeM L t=. SHSLWm.T- 5 ^ - * 2 3 6 O qllKfl 
n*<A73#ft. 0 a)qnt9lft±a>tt 

a^Bft^-^o^fiJt^ft. ti57j;*ft-5o 



(8) 



1 1 -1 4 5 7 6 



[0032] &<±<d «t 3 tzmm Lr~rnmi<Dftm ^122 

[0033] m&mm 1 0ttW>®t9iAfrC>nm$l£,(D&: 

ct 5 ffi&Wt) WtiQib Z £ v * £ icmmt*?- < 
65o L/i:/)<oT*iaS0Sm>LxTli, SJJiaJE, AT} 

[0 0 3 4] 131 l;$Uti^Sg*><7 1 KiSijai 
L fc «t 5 13 % 1 0 CDH^S>ag $:l+;jH-r * 0 

gII©»*tiMa^I)tt5 (^^-y^S 1 ) o * 
*MgSJg*J;><5 1 1 U^(D2)X9c^(D^m^Ztil\ 

©l+ifJIiHl 5 (c^-T J; r> [z. & & Uto^ U fc+f >^ 

•j >?mmt sAtsMiMts (7x77S2) o 

[0 0 3 5] H1 1 OTig#>sm^g: 1 COTjgjg^ 
bA<A7j2*U CCDSJg^b(DJlHSJSc© 

D=[9xd], 0 = 2 5 5 
fiU Dfi;&;iJHS. 0l*£gHSffc. dl*#;£jg (°C) „ 

[] mioxii^nk-to (3) 3£-cmz>*izm®mD 

-OUdf-So ®4l±-?-©5 : -^7 7-f ^KDtS^f ^0 413 
St£iasg 1 0 a>H£Sfl® 1 0 S tz x - Y tt&tttift 

£i£3£u #**a>ag?j*7 1 1 <D2;^^a«^jeii 

TfeSo H^a®1 OS(D;l;i«fiSDIiZ<D^4ii6?iJ-Cl 

*-?7 4)\,*mm&* & etas is* t o*,$< (xf'yy 

S4) 0 

[004 1 ] ;jg;&II&<t3M3 1 4(i;J»;&il&T&S;ag 
Iif-?e^5*77l 5I3*S^-T?.i:i:t,l3. A* 

x=M-l y=N-l 
TD = S £ E [X, 
X=0 y=0 

{IL, E [X. Y] liSjgii&^-^eOJ^I ( x , 
y) l3fcl:f--&;jt;&fS, MliX&b (*MF«) TsfpiCDia^ 
NiiYH (UN) £|6|(DB3IH»n?*>*o 



[003 6] 

d = b-c ( 1 ) 

CD#;gJgt,|5)i:Tfe^ 0 Z tilt, mfcmtfft&T'-S-z.* 

[0 0 3 7] 

Q=haxAXd (2) 
HSI««1 OWJlHjgJg-CfeO, S^ditSI 3lC«ki? 

[0038] sj^^itti 1 3 i*$&mtt®& £ m <*3* S S 
&mmmtt\ztt?i>fimn±><D)^w&fr*!E>m.m. c i- 

g«U gftlWfSI 2~.iii7j-r& (7f77S 
3) o 

[0039] im&mmt^®. 1 4 1* 2 ;*=.^±cd^# 

;EJgd£A7jfcU #>agd^;S^(Sl3^-r?>o CO 

>4fem3i3^-r 0 U3ii— m=&&#, #>gjg±pg% 1 

0 0° CfcBfifcLfc*^ ^-t^Tr^So 
[0 0 4 0] 
1 0 0 = 2.5 5 (3) 
-Bf^At-i.p<^E'J R AMTfeS (7f'v7S5) „ 

[0042] xttmm^®. 1 6 (t^&mm^- * e *<a 

*^tts HSSS2£1 0(D^^®©SJS±#Tfe?.#;S 
A d A<^^«pJl3 tj:^r^£r> A^'JS'J L , ^ttfJ £ m 
WtMimH-1ffi%&*>*^ 1 1 l3«fc-&fi+>H*^Jhr?»o 
d<Dlb^$:IU5lcao-g-|ttB^t-?>o A73*'JSP^1 613 
«;l«i®^b#ei 4fr£>aeigg^ r -*e£A?D-r-5 

t v * rsjep^^- * e o^w^fi t d fctHft-r 
[0043] 3(D^si3ao-$, mmm&mT Dir,k3& 

[0044] 



Y] <4) 

[0045]gMiS^X7l 1 (2££Stt1 00>a 
fe/)<oTEI5l3if:^ni)«t-9l3. -y->7'J >^»fltSA 



(9) 



ftfflW- 1 1-1 4 5 7 6 



mm(D nae±#?-r s uss*® 1 o s ox&mmmj ( e 

K e2, ••) tfm*>ti* 0 MaiiSfe* #i£tii® 1 o 

mt$n®?mT:mt>tiZ> : &&W®i (e 1 , e 2, ■••).# 
U r *(DiS^!5 r -iS'^t»f+mLfe^«iiJSfiT DO^bO 

So 

[0 0 4 6] a^sh^is 1 6ii. &v>7>) >ymn 

AT D [2] = T D 2 — T D 
flU T D 1 fcitfT D 2lt^t\.^tlV->ZT>J >9tii&. 
tA1^ tA2"C : f#t.tlfe?agiS^!-7 r -^ e 1 fccfctfe 2£D 
3l«;llJgfirt:ftS Uf77S6) o ^LT^«ilJ$^ 

(LSUI>|/\TD [u] |) AND 

ffiU I ATD [u] \lt+t>y>J>^!ktA^ t 
Au-1^©}£j&il8:<DlK«;/gJ&^bS> u. zliffigCDSI 
Sfcs Mul4g*$UT I AT D [u] | Infill*)!;: A 

£®fJsTft£ 0 mtttt,. (6) 5tl4A7}MiP3MS: 1 6 
T^;*t+S LfcJ^atfiSfbfitfiSSt Lfc t # t>(S±T 
HttHrtlCW*LTMu@Afttfft3S»ffi1 0S©2» 

TtxSo (6) AtfiMt.it it.. A**«»#«1 6 

tttfaffihlKWl^f ******* x 5 1 1 IztblD* 

[0049]tt±ffl^f'yysi-S7 C/a-bXP 
I) lis M»i1 0S#3£*tt»lCfc**Ttt"J«U 

[0 0 5 0]*t»ir, (6) 5£A<Kfcfc*ts X±%m 

At5o 'W^WOT^fSM 7li«^g#A;fcc*;tv5 
fcs 5 K-BStett^ftfc^iSiSfft^-* h 

(ussa® 1 o s ft<£iitiufca*fm-r« s-cicttiM • 
an^si g^sitf-^^-^i 8u:a«j-r*o 

Ifl)J:?l:/W77tt»fS1 7 li A7J$!lliP#IS 1 6 

[005 1 ] jfiftdfl^«1 9l*/t?77MB#JB1 7 
fr6#»«tT*-* h*<A***t*tH^l3x H^StS 

i fc^Sffi*^-*"*-;* 1 8/P&9l9tilL« A* 

a^Mfcaii®^-* i t lt> stoats 1 oro 

SS1 0 ©*SB«5=- * tm£V>W&W& : ?->? ztt 
®-tzzt\z£K>. *<bitfT<os«*«*«fc<*ajT* 



S) *a*W-»r* 0 ^LTsiro^fbStftSSgLfcLi* 
t^tt©±THWMirtCA*itfSIS6*ffi1 0Sc7)#>gjgd 

*<^m«»T ft 4 1 -r * o 

[0 0 4 7] i\* s H5l;:i3l>Ts *>7"'J>^t 
A1s tA2Kfelt4«IIEJI«ISMt»b«ATD [2] 14. 
1 (5) 

*f*#Kfcft*u<*s«iEi o s©#sa*(i**i:«ai 

[0048] 

(u=Zs z+K z+2 N -z+Mu-1)' 

(6) 

[005 2] B«#a#fS 1 9 liSSM®^-^ h©^ 
ia£B«i:gip#SB«-7 r -* i a>±aS®«€:|3lU» 

06ii*^affii o©*ssii os a>aa^«$r 

fetBgETs HTBOf*ZM«ffift<a«tt*ST3;*7ca 

^S!^T:^jFL7c.ft®ll]t:fti.o 3;h.£><Z>mTli, iSS 

BOMUlttP 1K P12s P13, P 1 4-c?fe.5 0 
CI 37:141 6#9)Tfc£tf#t!l&f4flll»£1 0OTSISI 
tt*lCJ±0! UTfftcT^tfltJsKlS^ IT t i t\ Z t \ -3 

[0053] ®*£#g|#IS 1 9 I4#fj;&g®®7 r - * j 

1 0) o 

[0 0 5 4] aft&*Kfb*tf-*#«2 014s Bttdtl 

i®^^- ^ h tmmm^mm^- f i icwltpji;^ 
**ft**ft»r*o 3 3T-s 2tt®&«tia&atftmT 

'fetDA^JS^^fbMTrftSo >SJS^CD^gkl3(4;SJS 
[0 0 5 5] 17 l4H^StS 1 0 t7)ffJx.(4»A^ CDfelPiS 

rn wmt (lATT-itmrnt^oo ) LTf#t>ttrc#;s 
i®«-r-^FBi~FB3 4^-rEITft4o a 

¥«ai«f-*l:FB 1 tnt, WnaMM&rr — 5 F 
B 2 s F B 3I4F B 1 i:tbS*^Xs aftd=**<b«*<tt 



(10) 



ttfflW- 1 1 -1 4 5 7 6 



[0056] EI^CD I B 1 1 ~ I B 3 5 liH^S 

£ 1 oii*5it^iHii;^fimtsEo;gjsa^r«ct»*.^f'j>s 

JgiS^-Cfe 0 s m%M&^- * F B 1 ~ F B 3 <Dftm : & 

ntfti b 1 i~iB3 5ii, ^fc v mm&mmj otm- 
[0057] mmm&m&5"-$ f b 1 tpii; 

'J >^B#ICfcL>T. Ifigi®®^- f F B 2 OT#gJjg£® 
% I B 2 1 Tli, *WKMMt7*- * F B 1 CD^SJg 
M^I B 1 1 fc<D3ft#*atfb*C I SItltSo * 

fe. m§Mm.^-^ f b 3<D##j;gjg®& i b 3 1 t 
i*. mmms,mm^-^ f b 1 G>«-i>jjag®« 1 b 1 1 

tA1~tA5iroL\X(al#lz:lt^^o 
[0 0 5 8] m8ltHJL±<Dii»{ZJ: 9f#£;h.S$£S£s 

B2l-fc^Tlt3?Lfcl¥igiIif£-7 : -* F B 2 ^S¥#SiS 

F B 1 FBiro^fJ^lc^^-SS^^^^bS 
£jnUT(^-i>o -r&*>*i, B 1 (ii^fflrB tB1^tr(^fflL 

fc^^ssi 0. m*?&m lt&i,>h£is« 1 

[0 0 5 9] SJg®®B 1 , B2ICI*. *ti? 

C [u, v]-|TO[Uv v]- 

isu td [u, v] itmmm(DV->y'j 

tAv> #fJSWSMB [v] <DfrWligJ£Mm(Dmmmigm 

td. tds [u, v] i*mm%->%®&T-*(D-y->7 

'J>^^tAv> ^SUpS^MB [v] ©##J>SgS&© 

[0064] mr^ mtowtimt L-cw&rsom-i&m 

l x=M - 1 y=N - l 
C[u. v] = { S S ( 

II x N x = o y=o 



*L1 6$MH*ftfc#«3l*MB [1] -MB [16] 
^^tiTtx^o ^£igJg!i&B 1 . B 2#-t»->:7' , J ><7 
&ftn20>>&&.M&iiT%ti. flx.'tf^tl1IWMB [1 
2 ] ©#fJ;Sg!i& IB1 2, I B 2 2 LiSJS^ 
£fbM#C [2. 1 2] T*5tt5t, f|RSC0?'Jt 
A2, fTMB [1 2] CD^IZC [2. 1] tfASo 
[006 0] W±(D «fc -3 ir^fJfl^M B [ 1 ] ~M B 
[1 6] . #SB#^tA1~ tMiZ-ol^T&Att&ita. 
C [ u . v ] (u=1~5« V=1~ 16) 
So ^©SSSSritlClijfci&SfcSRSKfcSo Cc7>*§S 

r simmsmiztiw^^ (x^v^s n), 

[006 1 ] JKC. sME««<b«©tW*St*4-3© 
JMWITidt'**,, Sgd^&fbSliSSM^SiiS^-* 

(*>r»J >?BhAtAii) ^?'JS^v (3-gJfgJ3&MB 
[v] ) h U 2 ;fc7cE?!J [u. v] T 

[0062] <a*»^*fl;ji©t+inw*ffi 1 

f*«1 fcfttvCli* JRSHUEflT DfefOffl^So KflHI 

^fiiT D(in^*Bi o s^6fik»*tL*jfta©^«j* 

ftm (Xlittftti) f St. © T? 5o Il*x4t* 

wmmt D(i^j§j»fisrotg«iTfes©-e> >&£#*&© 

[u, v] ttX&Vtt***o 
[0063] 
TDs [u. v] | (7) 

[0 0 6 5] 
[»1 ] 



F [u.v][x.y]- G[u.v][x.y]) 1 ) 



C8) 



fit. F [us v] [x. y] B|flHllT-»a) 
*>^U>y*MltAu. d«««MB [v] IZjslJS* 
« (x, y) CD;ii;igfS. G [u, v] [x, y] li^Br 

mo>y->7<) >?&&t^ ^siis^mb [v] iissit 

i>^4i ( x , y ) (DiKKfircfe 0 v H 8©»«» 1 6 * 
miZTZii v = 1 ~1 6TrfeSo MlidWfi«M 
B [ v ] ©&ffiBJftifilfc©*¥iS*lkT& 0 , N li^ffl 
$nmMB [v] ©»S>JS^®«©SilM3g»CT*>So 



[0 0 6 6] ^©^>ili, (7) itl=J:5^asl= 

[0 0 6 7] <ja*j»*aE<b«©i+»iM*ff! 2 >»«a 

«*r [U. v] l*JJ?St-Clt»T?**o 
[00 6 8] 
[ft 2] 



(11) 



15 B3¥ 1 1 -1 4 5 7 6 



x=M - 1 y=N - 1 {F [o,v][x. y]- F } x { G [□. vHx. yl - G ) 

r[u,v] = 22 22 

x = 0 y = 0 / 

\J F[u,v]ff x G[u,v]o 



F = F [n,y]= — 



G = G [u. v] = 



MxN x=0 
1 



x=M - 1 y = N - 1 

52 23 F[u.v][x.y] 
y ,0 



x=M - 1 y =N - 1 
21 22 G[u. v][x,y] 



MxN x=0 y = 0 

x=M - 1 y=S - 1 
F[u.v]a = 22 2: < F [u, v][x, y}— F ) * 

X=0 Y=0 

x=H - 1 y=N - 1 
G[u.v]a = 2: 22 ( G [u. v][x. y] — G ) 1 
x=0 y-0 



(9) 



r [lk v] liM^F [lk v] t.M»G 
[u. v] flkDttStlMfliBu F [u. v] [x % y] 

MB [v] lZt3lf&m : £&MmF [cu v] 
(x. y) ommmG [lu v] [x, y] li^Ka#ro 
f > ^ 'J t Au * #t"MfeSMB [v] Kfcl**^ 

m^m.mm.G Cu. v] <nmm, (x. y) ro;£;$fi-e& 
0.08 Bioaflfk 1 6 ^ic-r 3 t v = 1 -167?* 

&o Mli^fimisEMB [v] CZ>»i4;agli&©7j< 

*FHJMJu mtft&m&MB [v] ro^SI>gjg®^©S 

C o o 6 9 ] ftKttmmmr,sjg%kwwm<DVtt> *> 13. 

HflWxfcSJflfciM&SMMxi: LT»-3T<fcJ:i*o «aMG9 
liE16(DTMBlc:^tfeo ^>S^EII*iSl)Ul®«tT«e < s 

N (rp ) xrpH =CN, 

fe£L> c n (10) ^m±t-r 



Trfe-So CO^jm^Hllilll 6 (DimStftlpCDMB&ffl T B 0 

iz£K>, Mmmt^m<Dt7)K>am^^m (jr) tut 

[0070] <>ag#^fbfi<Z>l+3f A**#J 3 >@f£<D 
BttiRiKAS (IH6cDJSi«g]T 

si, iB«iB«!*«*-ra*»* (xatdtii) ©mos 

[007 1 ] Bfta;%ttjfi&— 2<DS*IHPRtf rp S$ 
©iL*f*T«S-r-5«^l3!e>S&iB»*N (rp ) fit 
f Sfcs X'r-JUrp EJ:&1\ 

( 1 0) 

n (r P ) 
[fx3] 



n (ff) = f loor 



MAX < f D [x]) - M IN ( f B [x3) 



r r 



+ 1 



-<11) 



fiU floor {}(*{} rt*«J-»)»TBIWb-r4n 

Skt3t«*n» f o Cx] i*MiM.mt& (r P x rp > © 

DBaffitiR (x=K 2. 3. 4) Tr*."?. MAXIi4/£ 
f 0 Cx] <DSR;ttff<D*;ttlv Mi N l*4,*f D [x] 05 



[0073] n * . mmmm s i^o-t^t©^^-*: 

±IBn (r P ) £f+3?U ^©¥i$)filn (r P ) IZ± 

0. N (r P ) tf;«-CI+SSil5o 

[0 0 7 4] 

[1x4] 



(12) ftfflW- 1 1 -1 4 5 7 6 



N (rr) = n ( r ,) x S / r p 1 



(12) 



( 1 0) H&CDffiZXDtm* tZt, msl 
1 ogi.N (rr) = -Hl og,,rr+CNl 



(13) 



IS L . CNl=)ogj,CN r^ssc 

6E«CD^^-;brp l;:**r*ffl*N (r P ) £i+l?U 
(1 ogiorp s 1 ogioN (rp ) {D^-ZZZf 

[0 0 7 5] -?^5t>)l,)!K.jtlttaKt§mftM(D£ZZ>-r 
tit^fectol^. ^>gi^EI^ ; fe.|5I«l'SfflbTt,«l;t^ 0 
[0076] <;S£^£<bS0It3liy*09 4 >^H$I 

* D atmmi&wmz&Zo z 

tr-^sj^j^ros^fii (;jg;jKfiS) ro^bg-cftffl Lxt, 

+ft&<b&£ffi£z-ZZth<T-£Z 0 

L [u. v] - (»*#**<b*) 

L [u* v] - (3A&*£fbft) 
tft'CTOC [u. v] I^UTjfcitri*^ &«HX 
i^M B [ v ] (d r&ffcfeLj tflStJ.fiU (1 
4) ( 1 5) sfclCfcOVCo V= 1 ~tN - tN t(±tr> 

IMWMB-Cv] (DJ^SSFbI (V->y>) >^B#t A ) H 

»**<b«C [u, v] . (u=1~5.v=1~1 

6) &&*mm<DL£^mL [u. v] v (u = i~ 

5. v=1~16) ^1S05iEftld«fc0*fb 

[0078] man % * r s ic^-raflKMp-fcfb* ( c 

[3, 5], C [4. 5] s C [5. 5] „ C [2. 
8] ) #(14)it£;@fcU ftfeOTSJg^^bMtf (1 

7) ^>ifcu/ciit-i»t. ±iBfj^i^tN, 

MB [5] » MB [8] ~C f£it&K>j . ftiKD^SHISi^ 
[0 0 7 9] USlMiL [u. v] 0;*^>^ 

[0080] firsts 1 o t mm<Dm^m.%:^mmz 

Cr [u, v] £f+HUTj3< 0 ClCDi&g^^bSC 

r [u. v] tnmm&i o*><£<bL/c^i~^-r?as 
mi±m*t&n\zmte&%zt\z±Q'£itftm*mk-* 



£o *l+^MW«4li^<D^*fbtlia^lHtuA<, S 
Jg^fbl'J:^*<b«a3A^+»lc:iS«ai3Ri.^. 

[0 0 7 7] X^>vn 1 Ej3UT*BBW«<fc«ft<tt 

nztittk. m 1 ©*<b*«j^s2 1 

M (k) #A7j£tu ££TU*l**ttttl;:«fc0 3IMta« 
fc£fr£f3fr«i££;h.£o -ftet>iZ>. ^fJ^MB 
[v] (§L, v=1~M N s M N IS^JiSt) IdiJstN 
T, L^UfiSL [u s v] |;WL, 

C [cu v] gO (14) 
B [v] \Z r#it&K>j fc*|3feU 
C [lk v] >0 (15) 

-ttr^cfctNo £fc v ^*>i^ic*fb^-tti)3i^»t5(3ii. 
-c^i.fc-i^^»ffii otiaii;^ffl««l (.^Mffls# 

-x-rii, n^atsi ohiaic^fflttgsoi^fia®^^ 

[008 1 ]HlCDM«*#S2lTfl^ (14). 

d5) ^.-c^mmmz-^pfj-a <~&<t&K)j tmiz. 

fc, *-3T?feUi3£\ rgg^Sffil Ol^b^Lj 
2ffiG)^ (1) ^^gP-tU^t-^o *fc»'^b*<*4 

^bO)$,^^t"J$I^(D{4StS^ (m) 
f$.^&2 2<^&t>TZ Uf77S1 2, 13) 0 
[0082] "7 >v 7ftf$.^m 2 2 (i^fbOfe ^#J$IHE 
CD®F/Tt»?S (m) (DA7Jtrtt^Ls 1 0(Z)»ItI 

Bfk (n) ^oJ^S^-^^-^2 3A^^,^'9tti■ro 

^xm&T- $> ^ - x 2 3 i**^«i0a©f£«f*tgt t & s 

LT^^•5 (Xf-y7"SI4) „ x"y^t^#^2 2li 

mz^-5&m7rs-?z 0 mmo^-tizmm-r:*,. mm 

5)0^?^ 2 2 l**fb$IilE* T - * U Ti^l 

Bflt (o) ZHSl^liitiTZo 

[0 0 8 3] JU±(D^o-bXlr c t'3. H^S^1 0(-£ 
<b^lgto^>tt-i.^^5^CD*iJ^ ( 1 ) tgitW&Zifrg 
\Z^it%M.m^-^ LfcRlffli5« ( o ) A<l^»r^^ U 
TW^tT.?. (7t77"S1 6) o 

[0084] W±sftBfl LfcHJte05l3«ttLlf , H^atSCD 



(13) 



If ffl* 1 1 -1 4 5 7 6 



immvttg. \zt z <dt? , ^^mx lifM-e # & t > su 

[00 8 5] ZITv ^tt*jTI;Ma|»rr#&UgPD c Q* 
<bl*0lx.l£, gBflf&OT^&^gPS ( I CTrli/t? 

[0 0 8 6] ^e>(3, ±l3G>§gjKEJfc*J[c:«l:*i.l£. #<b$I 

[oo87] ±ua>mmmmzfi^-zu. mgmm.mw 

Tl^&tfv W&itZftlbT. ittSSJ^*^-* (3)£ 

[0088] ms Tbmm 1 3 it^BMcomcoms^mmT' 

z^-tm-c&Zo ±m(Dmmmmizte\+2>)& 
&tt&itmtm (xf7 7-s 1 1 ) -uii. w&mmo 
&&mT-irMLfr : &m.wmz-3^TmmttmL. *(d 
>zi&mp%zitm*&m%mm (v->7>j>?b$) mzm 

d T c 

V x p x C r x = - h a x 

d t 



gitt^o H] 8 (Dij^il R S IZTjkf^. r> 

\z. 1 rD<Dftmmmz-y->y>j ^tfmm<nc [u. v] 
i±& < . 1 -oofrmmmz 1 ncowi&immitm. 

[v] (MB [v] % v = 1 ~M N . m n ittmm £ 

[0089] &7&<ftVk&ib&itw>g&m<D<ftm&<D&it 

CD^-XAfea^. #igi:&<bGD|f^£* 

^ lt. #siti4^fba©i+m*s«:^-ro 

[0 0 9 0] 5tr. gp D ^<D^S^ (>ag<Z)^;*P5^) 
[009 1 ] «ToU D c oCD«:i^®EEPSQl3«ti>^>SigS«: 

i av'r-z;*mizijiWTZ 0 i cny>T-*j(D',&m. 

5o ft<5?«a«. *JJ5«JE (WX'W7X) EpaQlc «fc 9 
f-y7"©gBWigu'), K<y <r U /t 

mm£iEWiz7&Rit-rzz.tit®M-c-&z<DX', fsm^k 

[0 0 9 2] m9t:li, /t'y^-vPC*8lSSrt-e<Z>ia* 
T c f-vrf? a^m&^ffitat*t%TLx 

£»<> sfc. m%m>%PE ic<fc ofi/jS/w T^.mj35i 

[0 0 9 3] 
[IS6] 

x ( T c — T a ) + P (16) 



HU VI±y\°«v^-->-PCCD^«. pli/\°-y^r-i>'PC (£ifc) . T cli^-y>r- v'SJg. t l±f$RgT&3o 

CD^Jg. Cp li/\°'y7--v'PCroht^. Ali/t-v^-— >' [0 0 9 4] (16) j££*£&;LT. 

PCCDa®fI, h al±/f >y^r-v'P C^S^t.yl-M'NCD [i7] 

d T I 

= - XT +KxP (17) 

d t r 



V x p x C p 1 

fib, T= , K S 

haxA VX/oxCp 
T = T c — T a 

HfS'Jt = 0lCfclt-i>/N o -y'7--v;gJ^T c$:. T c =HE SJtTatl^ ( 1 7 ) ^ ^ ^.^^i. t . 



(14) ftfflW- 1 1 -1 4 5 7 6 



(s) (sll?:?^}**?) l*',k<DJ:oiZtj: 

x x K 



G C s ) = 



r X s + 1 



[0 0 9 5] 
[»8] 



(18) 



i^3U MPiXx'yyA* (P (s) = P/s) fcL 
T, G (s) xp (s) £j£^^X&SIL.T;*;fc/>«g 

T<t> = KxPxrx(l- 

1IU rfiB#3£i^ KxPXTli^SSJ^ffiT&i.o 
[00 9 7] (1 9) itCDT (t) A<ffiS(DB»^!ltl3fc 

\f z ) \° -v >r - v p c <r>WEJgrz& 2> 0 
[00 9 8] o^ir. mzt&it(Dmmz-z>^-zi&*- 

-So ( 1 9 ) tt?'77mfjiLfc ! b<Dt>m 1 0T*5 o 
llllllfpCDtt^F 1 li ( 1 9) ^©JSA^Et^K F 2(*>B 

tfigap-r £> <r - xco^fb i c oy&i&mmzmiz u 

/cBglllTfe.i.0 F I k. F 2liB#^|gtTA<|lIU-p. 

A<is*nr-i» 3<ti±. ffi^-ri»i^SP *<ii*p-r 
£>;:fcl;:lifr£fct>fcUo (17) jSLfrbibfrZJiolztif 

TvZf(D'£<UzmWg:i+te^o <fcoT, F 1 tF 21*?$ 
5S&r£|5)i;£:ig5£LTL>£ (ge&ffttfSSKfc^fc 

l/7©ON/OFF4§lt^, /t'y^r-y©M?i 

£) o 

[009 9] (19)S«t^MP-P+AP (i 
a 1 - T A N '» ( KxP ) 

a2=TAN~' (Kx (P + AP) ) 



[0 0 9 6] 
[»9] 



_t_ 
r 



) 



(19) 



L, AP>0) iitgJ!)P^-i)i;^#;aSA<±^r?)Zi: 
6<;bfr3>o Tl=kxPxr, T2 = kx (P + AP) 
xrit), T 1 < T 2 fcfc-So 
[0 10 0] ±aiUfc«k5lc:. H^secogpsii^.©^ 

Zo mmt(D¥-i$)<t{Z£K>&3><¥-%l(D}&l&Z 

li^KCQg Bistro *cqt& 3 0 SJ&:£e5± 
tfOttSrowstti&rofS^ (#>g^b*i:J.^Bf,i<) 
* B T £> o - <D*S£<t*tti&£ £ *i_t *>< 0 (ill: £ 

[0101] [31 OTrli. fflSSF 1 . F 2GD#S^fbs£ 
liJS^fr^lUfclgiiaF LI, FL 2<Dim$ cx 1 „ 
a? 2 T= ;&£><, CCD— )5«ltLmcD#;gCc:>^^;S^fb* 
or 1 , cx 2li;^T-#^.t>ti.* 0 
[0 10 2] 
[2&1 0] 



(20) 



a 1 < cx 2T&I0, dCDf^ggfb^T^fbfc^ 

[01 03] c©j*»*<t*i**S5aBu mm. (£fcii 

COi£ft(^CD^^«:^;S^fb*a)^^fiih-rti.li«J;tNo * 
CO^^IHI 0©I'J7A 1 ^t£^:LfcxU7A2l3^ 
#fi#tt$ftlQ[v]= a [V]- 

mu v=i -m n N mn ii#sii&. a? [v] itmm 

m(Dfrgmt£MB [v] I3fcl^^;gje^b*> cx s 

[ v ] ttsm^mmr - * (D%r,f»m(Dftm$mM b 

[v] (ZfcttSSJg^biTCfcSo 

[0105] (21) 5t1i, ^©*fettfil£#^g4#'tt^b 



Lfco X«JTA2Tli, ji^±6<<9i£^CO#)g^PT1 
~ PT4CD*/J*-3&£fla$gtf F L 2 Tfc£ C t £^ LT l> 
3„ #^i&gftt£CD*r&S£#;gg{b*£: U ;^lC«t'3 
#S4$t4^fbM$:I+»-rSo 
[0 10 4] 

[»1 1 ] 

»[v] (21) 

■o A< A £ «fc -5 l3>Sg##J U . SPS^SCO— iftOff SiBS 

[0 10 6] JU±C01jiB^TIi, mM^m^(Di,(D(D^it 

^;^t£f Dsi/tis+s^^ro^fb'ri-tffl-r?. z t fetr 
^•i) 0 zco«i^$:iiii i~ni 3 icrn-To. m 1 1 itam 



(15) 



*# mW 1 1 -1 4 5 7 6 



FD (8SH) fc^LTU&o Zl CDi^-^CD 755* >U;J;7C F 
D©£-£Jl#»3<D<iI# cvFO$:#;S^fb*cr>ft#fii:-r 
So H 3Tli. ff«(DSSB#^ (-9->^'J>^) IZ 

<D*§5t§BH*&l;:** L . 1 -BuietiStBM^Sil ( = C 
D ) (DffifclFcD^L^USo ^G)^-g-(DC DOjt^± 

[0 10 7] ZOSBWBIBKlfcHTIi* USttttJbVtt 

±*<'9is^T*{bi¥fffi-r ; 5<DTs jib (m^m) <nw> 

[0 1 0 8] H1 1 4J3«fctfBM 5li2MS08£*<y K9- 

->X^AIi, ^R|itfe(Dl+;fJ • mmm^mm 14 2, 14 
4t> ^»i/t>Xh-t>^ 1 4 3t. CtVafc+BSMigi^ 
-Ti.Jl«@^1 4 5^e»«fiE*ti.Tt\So t+>l!l • BWi 
4g*^S1 4 2fcJ:tf 1 4 4CD«*dcl±|a]i;T-fc£#s J* 
©J:d(3^^tl.TtNS 0 ftft.n.^g&t)*^ 1 1 . 2» 
fS12, lUfctttt^HI 3, «;l8jB«fb*S1 4, A 

mm^- $ * (h) (±ii 

2 4Ul«l6£j|aSo aflMM^ft2 4liA7J 
^ftfe?-* (h) fcfcfy h?'J (P 1 ) CdfFU ilfs 

masss 1 4 5 fc©eaaH»4?T? «, a<itfflf« 2 4^ 

Zti&jZtl&Tr-* (P 1 ) li : E-7 r A2 5KttfS**lx 
CZT:7 7 ^-Dy«^-i;^IS^nv j&fBSMfttfM 4 5C1 

bfflJi - □ ySfir-^ (t 1 ) fc^v*;^-* (p 
2) lc«HLTiiiBMW#«2 4irflttftr*o ii«M» 

fS2 4/»"e.roaj^3(iat^ - r*«fc-?ic^8fr*s» (w) r 

ifeStf, -©!±S*litb**<J«1^2 6fe^LT7'J 
2 Hi^Wr-i T^LW 2 8l3#t$S£;tvi. 0 r«cte*x 
tU*IM»#«2 7 frt>7>J >$>thJjT-5 (q1) 47" 
'J 2 7 l~A7J L, f-f^yu-fSff-^ 

(q2) Sf'fXT'l/'f 2 SCftttti. 

[0 1 0 9] MZ, &&\7KX htr>* 1 4 3 |±»j(D J: o 

[01 10] 3 1 itWM ■ IMWftlcKB 1 4 2 

soy-* ( 1 1 ) fc«tt/s+ipy • mmmm^m 14 4* 



bO)?-* ( t 2) ^v*^-* (P 1 ) 

IC«Wr*o ^3 1 litfc, j§«#J3P^IS3 2frt> 
(Df-i- (p 2) 47tD?T-* (t 1 v t 2) IZX 

is Us **i**u %m ■ mmm^mm. i 4 2 as .ttmai 

•i^»r^*^S1 4 4ictil7J-ri>o 

[0 1 1 1 ] ^1x3 1 fr<h<D : r-$ (p 1 ) liJifS#J 
ifg3 2(3A7J<**U CZTt'V (P 1 ) 
Hfc^- * lZte» ±lT 6'tL* . Jlfi*'jeP#f£ 3 2 C iU 
fcSftfcJESiWfr?-* (h) l±®«#SI#g:i 913« 

7*-* (h) l*iX*»**fl;«lt»#«2 0«C««ft**t 
g£«*X h-tr>* 1 4 3l*$fc. 

*Yb*d*#«2 1 v »n!l»ft7 r -4"<-* 2 
3 , "7 «y 2 2 B 1 I^LfcI+>ld • t# 

4 3 li, *&IC. att«-**<b«tt*#«2 0Tlt»L 
fee* (k) 4tS*A-TS hU>Kf-i"<-X33J:, 
K U > Kt*-4"<-X 3 3 Ktt!A*;h.fciB*fl' : **<t* 
CD h U > K^-f ( r ) ^A7J#ttv *<b<D hU> K!¥ 
<ffi$rfr 3 h U > KRifS 3 4 fc % hU> KIW1#« 3 
4rol¥(ffiife^ (s) % *<fc«*#«2 1 CDJHafetfrJR 

7l8(o) A^tu^tiATJ^tis IWRttSMDU*- h 

(w) ^<tmu. cn*jMi«»#«3 2^aA-r*{ij 

[0 1 1 2] Jfcc, i(DJ:dC«ja*iifcSQWB»©» 

flft«M)!-r*o 

[0 113] Jfef, &m*X K-tz>^ 1 4 3lCfe^T, 
ii«*i]SP^3 2(i5=-*M'.y7 7'te^7 r -*CD-7 :r - 

Sfijiv ^'^$^8P^:^T^^. ^3 1 hCDHi&ig 

^ • tw^fT-^aAftmASKBTfeOs ^A3 1 1 
mmfflffl^&iZ 2 iz£ o^-zfeg: ■ nmtfftt>i\z> 

(&33, l5]^i^^%l^fet.A^l:46^^t^.Tt^i. i fec7)i: 
t5) o mm** h-b>^ 1 4 3Tli. i§P^±tbCDi+>l«J • 
^W4S*^g-t:l+}SiJLfe#>gil^-* (h) 
Lv ir>^ 1 4 3 -C>Sg#*J£<bM (k) $:ft^b. ^ 
(7)7=- h U> Kx-i"<-7v3 3lC^;^rt-r-i)o 
CKDjgS^^^^b* ( k ) <DW> — 5 ( r ) li h 
U>KffMBii^«3 4Te»l¥flBi^tt*o ^C7)«T$:15] 1 

[0 1 1 4] I^IKB#tB13 ICfc^^T. hb> K^-*^ 
^SS^^^OtbLfchU^K^-^ (r) /)<E11 5(D 

-t>*2& d^i/r^t B 11 x tB22 ©iSS^^iblT 
-■*) ^:lll*LTL^So 

[0 115] i»i¥fiffiTli, iSJg^^tS^- * 
PCU PC2v PC3 : &S'Jv-|i>il3j:'9^ia<LXt. i£(t( 
m F LC t t¥'J3£ U # t ^ L ft*SEftr * A P c * «: s+® 
T£o ClCDi:#©^Pc *f3^t-^^-C ! C7)B^F B 1tL s f 



(16) 



1 1 -1 4 5 7 6 



t L =t*-tB13 

U >t y 

[01 16] tb*j3M63 5 Idli h- U > Kl¥<ffi^|g3 4© 
HfintJR ( s ) , gfeftifelSJIl ( 1 ) > mvw&tm 

(°T«B«ft) HI* (o) A<-ttA**tl 
So di7J#IS3 5li. Crtt&O)-?-* (s, 1 , o) 4 

hlcSiito, u^-hr-^ (WBftejliUfK- 
h) (w) £iB<E*CT#IS3 2^di*-r4o 

h iiii«sijfp#s3 2 t^A 3 1 «t *) mm&mm 
■ ^m^mm^-* t 1 * £i*t 2 1 L-r&ag^ti 

So 

[01 1 7] mz. z<Dnmm\zti\f&mmmum 

i^J.Xii.lCt^v^^iSfiail S DNii^iJfflto^o 
'J^E- h§£©r£L AN ( Q -:*JJU.I 'J 7* -y h 7 ) 

T«fiEt--5ztt,-c#So ccojyi-a-. ia«i<itai#efc«t 

77-f/W'vh l 7-i'ii:4c5o 7U-A«J 
ATM^>yh9-?, iS±ilfifc £fc £ *t> £ * 

[0 1 1 8] I+>fl"J • mmm^W. 1 4 2(301^X1*. -t 
fA22, afEM»^«2 1 f±, ±teO)^X h-tr >^ 1 
4 3ICfclt-S^A3 1 fc«fctfilflfij®^3 2 fcrat 
-CifeSo t"fc;b*>, S+iJt'J • ^EK4eB*^ai 4 2Tt+>l.iJU 
fcH^Sffi03#Siii®7=-^ (h) OTfA2 2, SB 
mm^®L2 1 iCkOi^Sff^X h"b>* 1 4 3 3^* 

ti-So mm^x\--t>^ ^ 4 3fr£:g«L;c^bi£»T*S 
* (w) tf, aiBM9P#«2 1 $:^LTA73*tLfctt3* 
««*«2 Sli^rort^fctglS^nsSfc^-* (q 1 ) 13 

[0 1 1 9] &*>\ I+>fliJ • i^»r4ffl*^g4t,|+>l!l - i^Sr 

asi*£Sg 2 tm cftm-c& s o 

[0 12 0] Z<D±^&nMBmiZJi1M£. «fk0>»PR 

[0121] W±!aB£LfcHJWJKfcl>TI±. s^s 

^x?t©SJSfaTro^fbt,)l'J^mi: LTt-tovo * 
fcx fiSONtOF F^ODWO^x^^OilLfc^© 
i£jgg<b£>JW:£ L-TtJ;!,^ T&t)*., ATjfS^ttv 
ligON/O F F3k<*(Dm'7<DM&-'gt>it\Z*iLT*& 



(2 2) 
(2 3) 

BSfciSfflirS Z *<aIfig-CfcSo 
[0 1 2 2] *$§BJ§li, ±tBA±i«#lfe{ i K fiSON/ 

o f F5ti*o)m&.-£ib-&u?uz, mm2ki*£o>m&--gt> 
ikizttLT&mm'siffeT'tbZo man. 

k-*-fcin?tt*l;:±l**-ttfc»K mz, faiBflttiJ: 
O^aiLfet?, fe-5l-M±(sl^(7)-g|JI3U— tf-£-A£ 

[0 1 2 3] J-XiljtBSLfeSlJSfi^sgi-jj^xji^ 

t) mmizt,*&Bm&m-c£Zo za>^, ix&om 

t^j^n^s^itiffeSo r&t>^> zro^-a-. at 

(xii#>g^t±s<bs) & Lz^mizmm-tz&tfmte 
s^EitTobSo *<bcDH^«t oat©ro^aro7j^>a^^ 

fbA^A^ucT)-?:. Mmt^JU^Ii^b^ai^JScfcOt,^ 

[0 12 4] ^fc. tt±CD&*Jf5^®|3 fc u Tx 

tg^feifS^hlctO. JMP»7 f 'f'f ^©^<b-¥>ttW<l 
m$:a^jgir«ai-r#So -r&^^v *ifl;f'W7(D 

•y Xl2lSSF*9ro^b^>«f|if l@W £ a^Slc^iiiT # S 0 
[0 12 5] «ftltf-Stt^«IHft. '§73iSf5i& 

So 

[0 12 6] 

[^cd?*^] w±i8BjjL£*$§BJiiZcfc;h.[;^ ;^cdJ;5 

[0 1 2 7] «1 ICs l@SSfia>SgSSEliiaft«:ttiHr 

9Jp°o (^b^m) ^ts^itfrj^o 

[0 1 2 8] ^Bfl^iimtHJ^^^UrcU^ 
»r^-trx/)<^-T:$So 

[0 1 2 9) 31313, *4&H&ttm*R«;:jiftU iEJS 
[®Sc7)ffi#^|jiB^] 

[s 1 ] *^cD*fbit»T^scD 1 nmmz^T-ya 

>y ^HTfeSo 

[(2I2] E11 lZ^T&itm&igi&<D®)ft£l&tyTZf-iit> 



(17) **BB¥ 1 1 -1 4 5 7 6 



ens] ii iz^r&ib&mgimom'fZs&ty? z^nk 
[16] mi iznk-t£itmmmm<DW)ft*:m.w* zr^tb 

[El 7] IU1 l3^r*fb!£8/rigg©lMt£IftBJ3t-£fcto 
[EI8] BM l^r*fb»BrS«©iM**ttWr*&» 

[in 9] ^B^rofbo^tfim^^ijiB^t-sfeto© ic/t 

[EM 0] IU9IZ^ri C/f.y7--i>-©#;Sy^7-U*> 

So 

[011] *f^a©ffe©il«i»^*ittB^t--5fc4{><7)^S 
[EM 2] *^©ffeCDSIi£^®4l«Bflt-i)/ctt)CD#S 

ma -? ^ * * ju;*7co>b$ m^it v=y ? t-& -s 0 

[EM 4] *&BJ§cD££Kffe©HiWff5SJ£^U^- h 

[in 5] ii 4i-^-r u^e- h^itt^m-y^^-ucDm 



1 0 : ngs*« 
1 1 : mtt-m>%&.*> * 

1 2 : 

1 3 : SJg^iiifS 

1 4 : mmmt^fst. 

1 5 : /?v77 
1 6 : X*MW#« 
1 7 : My7jHM»#« 
1 8 : IKBBHfrT*- 

1 9 : M&ftWl^fS. 

2 0 : 2J*&*£<bSttff#J3 
2 1 : 

2 2 : TyTtttt^lB 

2 3 : aTtRMIft^-^-i-X 

14 2: aHPfeCDttM • MR*li*ia 

2 4 : mmtm^K 

2 5 : tfA 

2 6 : tb^«fi8#IS 

2 7 : 7'J 

2 8 : 

14 3: i^»r*X h-fe>* 
3 1 : A 

3 2 : mmumzfst 
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